Rationale: Ameloblastoma is generally characterized as a benign tumor originating in odontogenic epithelium. However, few cases of metastatic malignant ameloblastoma have also been reported. Due to the low incidence of malignant ameloblastoma, there is no established treatment regimen. To explore effective treatment for malignant ameloblastoma, we reported this case study.
Introduction
Ameloblastoma is generally characterized as a benign tumor arising from odontogenic epithelium. The median age of diagnosis is 36 years. More than 80% ameloblastomas originate in the mandible. [1] In 2016, the fourth edition of WHO classified ameloblastoma into 2 types: the unicystic ameloblastoma and the extra osseous/peripheral ameloblastoma. [2] This was simplified compared with the four types of 2005 WHO classification. [3] Ameloblastoma grows slowly with local invasiveness. The highest recurrence type, with a rate between 60% and 80%, is solid/multicystic ameloblastoma according to 2005 WHO classification. [4] The main treatment for ameloblastoma is surgery, including both curettage and radical surgery. [5] Although ameloblastoma has benign biological characteristics, distant metastases can occur in cases of malignant ameloblastoma. The most likely metastatic location of malignant ameloblastoma is the lung. [6] Due to its low incidence rate, there is no standard therapy for metastatic ameloblastoma. Here, we reported a case of malignant ameloblastoma with lung and brain metastases. 
Case presentation
A 28-year-old female with a history of ameloblastoma of the left mandible underwent local tumor curettage in 2012. Either local recurrence or distant metastasis had not been found until 2015. Brain metastasis and local recurrence were confirmed by magnetic resonance imaging (MRI) and contrast computer tomography (CT). The patient received left extensive mandibulectomy and brain stereotactic body radiotherapy (SBRT) at the dose of 24.4Gy. The disease was stable until bilateral multiple pulmonary nodules and mediastinal lymph nodes were identified by chest CT in November 2017. After admitting the patient into our hospital, malignant ameloblastoma was detected in the pulmonary nodule biopsy by Hematoxylin and eosin (H&E) staining and immunohistochemistry ( Figs. 1 and 2 ). We performed whole exon detection for metastatic lesion specimens by next generation sequencing (NGS). The detection included somatic mutation, germline mutation, microsatellite instability and tumor mutation load. A total of 7 somatic mutations were revealed including BRAF (c. ). Germline mutations were not detected. Microsatellite status was stable with low tumor mutation load (7.0 Muts/Mb).
The patient received combined chemotherapy including adriamycin (50 mg/m 2 ), ifosfamide (7500 mg/m 2 ), and dacarbazine (1000 mg/m 2 ), which were administered intravenously for 72 hours every 3 weeks. Mesna (2500 mg/m 2 ) was also administered intravenously for 96 hours every 3 weeks. According to RECIST 1.1 criteria, the objective response was partial remission (PR) after 2 cycles of chemotherapy. The lung metastases reduced over 90% compared with the base line after 6 cycles of chemotherapy (Fig. 3) . The most common treatment related adverse events included neutropenia, leukopenia, anemia, acratia and nausea. In addition to grade 3 neutropenia, no other grade 3/4 adverse events were observed during chemotherapy.
Discussion
Ameloblastoma is a rare odontogenic tumor. There is no significant difference in incidence rate between gender, territory and race. [1] The incidence rate of malignant ameloblastoma is 1.79 per 10 million person/year and the overall survival is 17.6 years from Surveillance, Epidemiology and End-Results (SEER) database. [7] For cases of locoregional ameloblastoma, the advised primary treatment is surgery including radical and conservation surgery. [5] Radical surgery has lower local recurrence rate than conservation surgery. [8] Kunze et al demonstrated that the lung was the organ with the highest metastatic rate of ameloblastoma followed by pleura, lymph nodes, bone, brain, kidney, and liver. [9] When distant metastasis occurred, more aggressive treatments could be applied. Chemotherapy, radiotherapy and surgery are the methods reported in the related literature. Due to the low incidence of ameloblastoma, retrospective and prospective large sample clinical studies have not been conducted. As such, most papers regarding the treatment of ameloblastoma are case reports. [10] Therefore, there is no standard therapy for metastatic ameloblastoma.
A retrospective study confirmed that radiotherapy followed by palliative surgery could control the local recurrence of ameloblastoma. [11] In this study, gene screening revealed that radiotherapy increased the sensitivity to BRAF inhibitors in patients with BRAF gene mutations. As for recurrent ameloblastoma with skull metastasis, radiation therapy also had a better disease control with a disease progression free survival (PFS) of 28 months. [12] However, another study suggested that patients with metastatic ameloblastoma could only benefit from surgery instead of radiation therapy and chemotherapy. [13] Stereotactic body radiotherapy (SBRT) is a technique that has risen in popularity in recent years. Several studies demonstrated that patients of nonsmall cell lung cancer (NSCLC) who had oligometastasis including brain, bone, lung, lymphatic, or adrenal gland and received SBRT owned the median PFS of 11.2 to 13.7 months and lower local recurrence rate. [14] [15] [16] The female patient in our study exhibited local recurrence and a single brain metastasis. She underwent extended maxillary resection combined with SBRT for the brain metastasis with the PFS of 24.0 months. If multiple metastases are confirmed, local treatments will not control the disease effectively, thus systemic therapy should be the primary focus. In previous studies, the effects of several combination chemotherapy regimens were reported. Secondary regimens include doxorubicin with cisplatin, [17] or paclitaxel with carboplatin [18, 19] and triple combined therapy (doxorubicin combined with cisplatin and cyclophamide) [20] showed encouraging efficacy and safety. However, due to the lack of large sample randomized comparative clinical trials, high grade evidence is not available. MAID (mesna, adriamycin, ifosfamide, and dacarbazine) regimen achieved a better outcome in advanced sarcoma with the PFS of more than one year and the ORR of 27% to 35%. [21, 22] The most frequent adverse events were grade 3 or 4 hematological toxicities. Meanwhile, a perspective study conducted with patients diagnosed with advanced pulmonary pleomorphic carcinoma treated with MAID had a median PFS and an OS of 2.8 months and 8.7 months, respectively. [23] Therefore, we tried MAID as the first-line chemotherapy for the patient. Fortunately, she achieved PR after 2 cycles. After 6 cycles of MAID chemotherapy regimen, the lung metastases reduced over 90% compared with the base line. The last patient follow-up was July 24th 2018. At that time, imaging results showed no evidence of disease progression. The progression-free survival (PFS) of the patient was more than 9 month. Thus, it appears that MAID may be an effective regimen with good tolerance in patients with metastatic ameloblastoma and further investigation is deserved. In general, the BRAF V600E mutation is the most aberration in ameloblastoma. Vemurafenib, a BRAF inhibitor, showed promising response in ameloblastoma cells in vitro. [24, 25] The whole exon gene sequencing result of the present case is consistent with these studies. In addition, the RAS gene mutation rate is 20% in metastatic ameloblastoma. [26] The overexpression of vascular endothelial growth factor (VEGF) occurs in both benign and malignant ameloblastoma. [27] Although ameloblastoma originates from dental epithelium and epidermal growth factor receptor (EGFR) expression is positive in normal oral mucosa, the EGFR mutation rate was extremely low. [28] At present, no data has shown that EGFR could be used as a target for the treatment of ameloblastoma. In summary, VEGF, TIMP-2, MMP-14 mRNA, FGF, and TGF-b may be potential targets for recurrence and metastasis of malignant ameloblastoma in the future. [29] 4. Conclusion Due to the low incidence of metastatic malignant ameloblastoma, there is no standard treatment strategy. Surgical resection is the optimal treatment for local recurrence malignant ameloblastoma. According to the literature we reviewed and the case we reported, SBRT may be an effective treatment for unresectable oligometastasis of ameloblastoma, and MAID chemotherapy regimen also showed encouraging efficacy in metastatic malignant ameloblastoma. With further development of methods enabling the detection tumor-specific gene signatures, targeted therapy may be worth further consideration. 
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